Black pepper (Piper nigrum) and hot pepper (Capsicum spp.) are widely used in traditional medicines. Although hot Capsicum spp. extracts and its active principles, capsaicinoids, have been linked with anticancer and anti-inflammatory activities, whether black pepper and its active principle exhibit similar activities is not known. In this study, we have evaluated the antioxidant, anti-inflammatory and anticancer activities of extracts and compounds from black pepper by using proinflammatory transcription factor NF-κB, COX-1 and -2 enzymes, human tumor cell proliferation and lipid peroxidation (LPO). The capsaicinoids, the alkylamides, isolated from the hot pepper Scotch Bonnet were also used to compare the bioactivities of alkylamides and piperine from black pepper. All compounds derived from black pepper suppressed TNF-induced NF-κB activation, but alkyl amides, compound 4 from black pepper and 5 from hot pepper, were most effective. The human cancer cell proliferation inhibitory activities of piperine and alklyl amides in Capsicum and black pepper were dose dependant. The inhibitory concentrations 50% (IC 50 ) of the alklylamides were in the range 13-200 μg/mL. The extracts of black pepper at 200 μg/mL and its compounds at 25 μg/mL inhibited LPO by 45-85%, COX enzymes by 31-80% and cancer cells proliferation by 3.5-86.8%. Overall, these results suggest that black pepper and its constituents like hot pepper, exhibit anti-inflammatory, antioxidant and anticancer activities.
Black pepper (Piper nigrum; family Piperaceae) is native to South India. Its dried fruits are used as spice and seasoning mix in many countries. Although black pepper has been used as a spice for millennia, its use in Ayurvedic medicine in India is equally important. In Ayurvedic medicine, a preparation called Trikatu (black pepper, long pepper, and ginger) has been prescribed routinely for a variety of diseases [1] . Recent laboratory studies indicate that black pepper may also be beneficial in managing pain and Alzheimer's disease [2] . In addition to alkylamides, the spicy tang of black pepper is due to piperine, the most abundant and wellresearched component present in it [3] . Based on some reports, black pepper could be considered as one of the prominent spices for prevention of cancer [4] . The piperine and alkyl amides present in black pepper have been implicated in the prevention of cancer initiation by inhibiting some of the pro-inflammatory cytokines produced by tumor cells [5] .
Hot Capsicum species, such as habenero pepper, contain substantial amounts of alkyl amides and are also a popular ingredient in many ethnic diets. The heat principles in hot Capsicum peppers are the alkyl amides known as capsaicinoids, which possess similarities to the alkyl amides in black pepper. We have reported the antioxidant and anti-inflammatory activities of capsaicinoids in hot Capsicum spp. Bhut Jolokia, Scotch Bonnet and jalapeño peppers [6] . In vivo experiments using rodents have shown that capsaicinoids decreased the cancer cell proliferation [7] . Lipid peroxidation is one of the major causes of free radical generation in vivo. Many chronic diseases have been linked to oxidative stress and hence compounds with antioxidant activity may provide health benefits [8] . COX-1 and -2 enzymes play a significant role in the inflammatory processes, including the production of prostaglandins [9] . However, COX-2 enzyme is produced in response to inflammation and therefore its inhibition might be useful in the treatment of inflammatory conditions such as atherosclerosis, arthritis and in various types of cancers [8, 10, 11] . Tumor necrosis factor (TNF) is a pro-inflammatory cytokine that has been linked with the proliferation, survival, invasion, angiogenesis and metastasis of tumors [12] . NF-κB is one of the mediators of TNF effects and found in almost all animal cell types [13] . It also plays a key role in regulating the immune response to infection. The activation of NF-κB regulates the expression of genes and hence its incorrect regulation could cause a number of diseases such as cancer, inflammatory and autoimmune diseases [13, 14] .
Based on our recent findings on the bioactivities of capsaicinoids, the alkyl amides present in Capsicum spp., in this study, we have evaluated LPO, COX-1 and -2 enzymes, human tumor cell proliferation and NF-κB inhibitory activities of black pepper extracts and its isolates in vitro. The capsaicin and dihydrocapsaicin isolated from Scotch Bonnet pepper were also compared in this study with alkyl amides and piperine in black pepper (Compounds 1-6) ( Figure 1 ).
The methanolic and water extracts of black pepper inhibited LPO by 79 and 51% at 200 μg/mL, respectively. Compounds 1-4 isolated from black pepper inhibited LPO by 85, 76, 45 and 70% at 25 μg/mL, respectively. The LPO inhibitory activity of capsaicinoids has been reported recently [6] . The methanolic and water extracts of black pepper inhibited the COX-1 enzyme by 3.1 and 31.2%, and the COX-2 enzyme by 9.5 and 24.9%, respectively, at 200 μg/mL. (Figure 2 ). Compounds 1-4 showed inhibitory activity against COX-1 and -2 enzymes of 20.1 and 79.5%; 23.2 and 21.5%; 7.9 and 30.4%; and 9.5 and 17.4%, respectively at 25 μg/mL ( Figure 2 ). The dose response curves for COX enzymes showed that compound 1 inhibited COX-2 enzyme by 95% at 50 μg/mL, but did not show much COX-1 inhibition, even at 100 μg/mL. This indicated a selective COX-2 inhibitory activity for compound 1 (Figure 3 ). The COX-1 and -2 enzymes inhibitory activity of capsaicinoids have been reported by us recently [6] . Based on the COX enzymes and tumor cell proliferation inhibitory activities, electrophoretic mobility shift assay (EMSA) was carried out to test the TNF-induced NF-κB activation for compounds 1-6 according to the published procedure [15] . The compounds were tested at 100 μM concentration. In this assay, TNF alone induced a 5.7 fold of NF-κB DNA-binding, however, pretreatment with compound 1-6 completely abolished TNF induced NF-κB activation at 100 μM.
Extraction of dried black pepper with water yielded a crude extract which contained mainly piperine and alkyl amides, the pungent bioactive principles present in it. The methanolic extraction afforded the remainder of these compounds that could have been extracted with repeated use of water. This suggested that the use of organic solvents to extract these compounds from black pepper were not necessary. The methanolic and water extracts yielded in our study were identical in profiles by TLC for piperine and alkyl amides. Therefore, we purified only the methanolic extract to obtain the major compounds for bioassays described in this manuscript. Piperine was the most abundant compound present in both water and methanolic extracts of black pepper.
The water and methanolic extracts of black pepper showed significant lipid peroxidation inhibitory activity. It was reported that the phenolics present in black pepper contributed to the antioxidant activity [16] . In our study, piperine (1) exhibited the highest antioxidant activity, as indicated by LPO assay results. Piperine showed stronger antioxidant activity than capsaicinoids. The gene products regulated by the transcription factor NF-kB have been linked with inflammation, tumor cell survival, proliferation, invasion, angiogenesis and metastasis of cancer. Agents which can inhibit NF-kB have a potential to suppress tumorigenesis. We have shown that all the components of black pepper identified here can block NF-kB activation. Compounds 4 from black pepper and 5 from hot pepper, scotch bonnet, however, were maximally effective. Why these compounds were most effective, however, is not clear at present. Our results suggest that cyclooxygenase (COX)-2 expression that is regulated by NF-kB, will be downregulated by compounds 4 and 5. Similarly cyclin D1, and c-myc that control cell proliferation, are also regulated by NF-kB. Thus these compounds should also suppress proliferation of cancer cells (Figure 4) .
The in vitro anti-inflammatory activity of piperine on interleukin 1beta (IL1beta)-stimulated fibroblast-like synoviocytes derived form patients with rheumatoid arthritis has been reported [17] . We studied the antiinflammatory activity of pepper extracts and their isolates by evaluating their COX-1 and -2 enzymes inhibition in vitro. Our results indicated that water and methanolic extracts showed selective moderate inhibition against COX-2 enzyme. This was further corroborated by compound 1, the predominant isolate in the extracts, with the highest inhibitory activity against COX-2 enzyme. It is interesting to note that 1256 Natural Product Communications Vol. 5 (8) 2010
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capsaicinoids did not show much selectivity against COX-2 enzyme [6] . Dose response studies revealed that the COX-2 enzyme inhibitory activity of compound 1 (piperine) reached about 100% at 50 µg/mL. Even at a low concentration of 3.1 ppm it showed moderate COX-2 enzyme inhibitory activity. The dose response results suggested that the amount of piperine present in black pepper is not only an important determinant of its quality, but also provides an indication of health beneficial properties.
The excellent COX-2 enzyme inhibition by piperine and black pepper extracts in vitro prompted us to evaluate its anticancer potential. The extracts from black pepper showed moderate inhibitory activities against lung, breast, gastric, CNS and colon cancer cell proliferation between 23 and 55% at 200 µg/mL. Dose response studies with compounds 1-6 for their tumor cell growth inhibition revealed the highest activity for compound 1 when compared with other pure isolates from black pepper and capsaicinoids from hot pepper, Scotch Bonnet. Compound 1 showed moderate inhibitory activity against CNS (42.8%), breast (33.5%), colon (31%), and AGS (50.4%) at 12.5µg/mL, respectively. At a higher concentration (200 µg/mL), compound 1 also showed significant inhibitory activities against CNS (78.8%), colon (72.4%) and AGS (88.6%) cell proliferation.
The LPO, COX-1 and -2 enzymes, human tumor cell proliferation and NF-κB inhibitory assays of black pepper extracts and its isolates indicated that consumption of black pepper may yield antioxidant, anti-inflammatory and anticancer health benefits. Since piperine is the most abundant bioactive compound present in black pepper, it contributes most to the anticancer activity attributable to black pepper consumption. It also showed better tumor cell growth inhibitory activity than capsaicinoids at the range of concentrations studied. Compounds which suppress NF-κB may help in halting tumor progression and hence are potential agents to treat the later stages of cancer.
Experimental
General: 1 H NMR spectra were recorded on a 500 MHz VRX instruments. 13 Plant material: Sun dried black pepper kernels were purchased from a store in Kuzhoor, Kerala, India in February 2008 and kept at ambient temperature in our laboratory till extraction.
Extraction and isolation:
The dried black pepper (100 g) was blended with water (1 L) and centrifuged for 10 min to afford the supernatant and residue. The supernatant was lyophilized to afford dried water extract (WBP, 10.3 g). The residue was soaked in methanol (1 L) for 3 h and centrifuged for 10 min. The resultant supernatant was evaporated under vacuum to yield methanolic extract (MBP, 6.6 g). TLC analysis of water and methanolic extracts revealed a similar profile with different intensity. The methanolic extract showed higher intensity of spots on TLC and, therefore, an aliquot of the methanolic extract (5g) was fractionated by silica gel column chromatography by eluting with CHCl 3 -MeOH. The fractions were combined to afford 4 sub-fractions (Fr. A-D) based on TLC profiles. Fr. A (4.1 g) was suspended in ethyl acetate to crystallize compound 1, piperine (1.5 g). Fr. B (0.3g) was further purified by using PTLC [n-hexane: EtOAC (4:1)] to
